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0DQ\ VFLHQWLVWV WKURXJKRXW WKH ZRUOG HPSKDVL]H
WKH LPSRUWDQFH RI WKH IXQJL JURXS FRPPRQO\ QDPHG
RSKLRVWRPDWRLG IXQJL 7KLV QDPH LV GHULYHG IURP RQH
PHPEHURIWKHJURXS2SKLRVWRPDVS2SKLRVWRPDWDFHDH













7KHSXUSRVHRI WKLVDUWLFOH LV WRFOHDU WKHFRQIXVLRQ
DURXQG RSKLRVWRPDWRLG IXQJDO WD[RQRP\ DQG SK\ORJHQ\
IROORZHGE\WKHGHVFULSWLRQRIWKHLQÀXHQFH WKLV JURXS RI
IXQJL KDV RQ WKH IRUHVW DQG FRQVHTXHQWO\ RQ WKH WLPEHU
LQGXVWU\ :H ZLOO DOVR WRXFK WKH WRSLF RI WKH LQÀXHQFH
RI WKH HQYLURQPHQWDO FKDQJHV HLWKHU JOREDO ZDUPLQJ RU
JOREDOZRRG WUDGH RQ WKHRSKLRVWRPDWRLG IXQJL)LQDOO\
WKH SXUSRVH RI WKLV DUWLFOH LV WR GUDZ WKH FRQFOXVLRQ
DERXW SRVVLEOH VROXWLRQV WR PLWLJDWH WKH LQÀXHQFH RI
RSKLRVWRPDWRLGIXQJL
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7DNVRQRPLMDR¿RVWRPDWRLGQLK JOLY
2SKLRVWRPDWRLG IXQJL DUH DUWL¿FLDO JURXS RI IXQJL
EDVHGRQFRPPRQPRUSKRORJ\7KHJHQHUD LQ WKLVJURXS
DUH 2SKLRVWRPD 6\G 	 3 6\G &HUDWRF\VWLV (OOLV 	
+DOVW &HUDWRF\VWLRSVLV +3 8SDGK\D\ 	 :%.HQGU
*URVPDQQLD*RLGDVZHOODVUHODWHGDVH[XDOIXQJLLQWKH
JHQHUD /HSWRJUDSKLXP /DJHUE 	 0HOLQ 3HVRWXP -/
&UDQH 	 6FKRNQ 6SRURWKUL[ +HNWRHQ 	 &) 3HUNLQV
+\DORUKLQRFODGLHOOD +3 8SDGK\D\ 	 :% .HQGU
7KLHODYLRSVLV:HQW&KDODUD&RUGD5DEHQK*UDSKLXP





ERWK RI ZKLFK DUH WD[RQRPLFDOO\ DQG SK\ORJHQHWLFDOO\
GLVWLQFW7KH\EHORQJWRGLIIHUHQWRUGHUVRIWKH$VFRP\FRWD
6$08(/6  :,1*),(/' HW DO E
2SKLRVWRPDDQG&HUDWRF\VWLVDVZHOODV&HUDWRF\VWLRSVLV
DQG *URVPDQQLD DUH PRUSKRORJLFDOO\ VLPLODU WKRXJK
SK\ORJHQHWLF VWXGLHV EDVHG RQ U'1$ DQDO\VHV SURYHG
WKDW RSKLRVWRPDWRLG IXQJL DUH SRO\SK\OHWLF 7KH\ SODFH
2SKLRVWRPD LQ WKH PRQRSK\OHWLF JURXS QRW FORVHO\
UHODWHGWR&HUDWRF\VWLV+$861(5HWDO2.$'$
HW DO :,1*),(/' HW DO D2SKLRVWRPD LV
SK\ORJHQHWLFDOO\ FODVVL¿HG LQ 2SKLRVWRPDWDFHDH FODVV
2SKLRVWRPDWDOHV 6RUGDULRP\FHWLGDH 6RUGDULRP\FHWHV
$VFRP\FRWD )XQJL .,5. HW DO  &HUDWRF\VWLV








EDVHG RQPRUSKRORJ\ DQG VH[XDO DQG DVH[XDO VWDJHV DUH
SUHVHQWHG 7KH JHQHUD GLIIHUHQWLDWLRQ LQ WKH JURXS RI
RSKLRVWRPDWRLG IXQJL FDQ EH LPSOHPHQWHG RQ WKH EDVLV
RI WKHLU VH[XDO VWDJHV 7KHVH SURGXFH D JUHDW YDULHW\
RI DQDPRUSKV HYHQ ZLWKLQ RQH VSHFLHV 0$//2&+
 %/$&.:(//  &HUDWRF\VWLV VSHFLHV KDYH D
7KLHODYLRSVLVDVH[XDOVWDJHXVHGIRU&KDODUDOLNHDQDPRUSKV
6(,)(57  7KH DVH[XDO VWDJHV RI 2SKLRVWRPD
EHORQJWRDYDULHW\RIK\SKRP\FHWHVJHQHUDP\FHOLDO
DQDPRUSKV 6SRURWKUL[ +\DOORUKLQRFODGLHOOD 3HVRWXP
+\DORUKLQRFODGLHOOD FRQLGLXP GHYHORSPHQW LV DQQHOOLGLF
SHUFXUUHQWZLWKGHOD\HGVHFHVVLRQJLYLQJULVHWRDQLOOXVLRQ




:,1*),(/' :<.$*+$<(9$HW DO 
3HVRWXPLVDV\QQHPDWRXVDQDPRUSKSUHYLRXVO\NQRZQDV
*UDSKLXPQRZVHSDUDWHGIURP*UDSKLXP0LFURDVFDOHV
EDVHG RQ YDULDWLRQV LQ FRQLGLXP RQWRJHQ\ 2.$'$ HW
DO &RQLGLXPGHYHORSPHQW LV DOZD\VH[RJHQLFE\
DSLFDOZDOOEXLOGLQJ6$08(/6.,5,6,76
6LPLODUO\&HUDWRF\VWLRSVLVVSSKDYH+\DORUKLQRFODGLHOOD
DQG 6SRURWKUL[ DQDPRUSKV ZLWKRXW 3HVRWXP DQG
/HSWRJUDSKLXPVWDWHV6$08(/6.,5,6,76
=,3)(/HWDO/HSWRJUDSKLXPLVDPDFURQHPDWRXV
DQDPRUSK RI *URVPDQQLD 6(,)(57  7DEOH 
'LVWLQFWLRQ EHWZHHQ DQDPRUSK JHQHUD LV EDVHG RQ
YDULDWLRQVLQWKHFRQLGLRSKRUHVWUXFWXUHDQGLQSDWWHUQVRI
FRQLGLDOGHYHORSPHQW %(1$'(:,1*),(/':<.
 2.$'$ HW DO  -$&2%6  :,1*),(/'

&HUDWRF\VWLV DQG 2SKLRVWRPD KDYH DOPRVW
LQGLVWLQJXLVKDEOHWHOHRPRUSKVEXWTXLWHGLIIHUHQWDVH[XDO
IRUPV.,5.HWDO1HYHUWKHOHVVWKH\FDQDOVREH
GLVWLQJXLVKHG WKURXJK RWKHU FKDUDFWHULVWLF 2SKLRVWRPD
VSHFLHVDUHWROHUDQWRIKLJKFRQFHQWUDWLRQVRIWKHDQWLELRWLF
F\FORKH[LPLGH DQG DUH FKDUDFWHUL]HG E\ WKH SUHVHQFH RI
FHOOXORVHUKDPQRVHDQGFKLWLQLQWKHLUFHOOZDOOV6$08(/6
 -$&2%6 :,1*),(/' ,Q FRPSDULVRQ WR
WKHP&HUDWRF\VWLV VSHFLHV GRQRWKDYHFHOOXORVH LQ WKHLU
FHOO ZDOOV DQG DUH VHQVLWLYH WR DQWLELRWLFV 6$08(/6
 2SKLRVWRPD VSHFLHV SULPDULO\ JURZ RQ ZRRG\
SODQWVZKLOH&HUDWRF\VWLVVSHFLHVJURZRQDZLGHYDULHW\
RIKHUEDFHRXVDQGZRRG\SODQWVLQWHPSHUDWHDQGWURSLFDO
]RQHV 6,; &HUDWRF\VWLV VSHFLHVPRUH FRPPRQO\
FDXVHSODQWGLVHDVHVWKDQ2SKLRVWRPDVSHFLHV6,;
6RPH NQRZQ GHVWUXFWLYH SDWKRJHQV IURP &HUDWRF\VWLV
JHQHUDLQFOXGH&IDJDFHDUXP%UHW]-+XQW&¿PEULDWD
(OOLV	+DOVW& SODWDQL -0:DOWHU (QJHOEU	7&
+DUU Ł& ¿PEULDWD I SODWDQL & 0D\ 	 -* 3DOPHU
&FRXUHOHVFQHV0QFK%.%DNVKL+RZHYHU2XOPL
%XLVPDQ1DQQIDQG2QRYRXOPL%UDVLHUDUHLPSRUWDQW
GHFRQVWUXFWLYH 2SKLRVWRPD SDWKRJHQV 7KH\ DUH PRUH
FRPPRQO\ NQRZQ DV'XWFK HOP GLVHDVH UHVSRQVLEOH IRU
HSLGHPLFV RQ HOP WUHHV LQ (XURSH DQG 1RUWK $PHULFD
7DEOH7KHWHOHRPRUSKDQGLWVDQDPRUSKRIRSKLRVWRPDWRLGIXQJLNQRZQJHQHUD














-85&  7KH EDUN EHHWOHV LQFUHDVH WKHLU SRWHQWLDO
RI FRORQL]LQJ WKHLU KRVWV E\ V\PELRWLF DVVRFLDWLRQ ZLWK
PLFURRUJDQLVPV SDUWLFXODUO\ ZLWK IXQJL 5,9(5$ HW
DO  7KH\ DUH DVVRFLDWHG ZLWK D ZLGH YDULHW\ RI




RI WKH WUHH 6,;  /((  /,11$.26., HW DO
D%HHWOHV DUH FDUU\LQJ IXQJL VSRUHV RQ VSHFLDOL]HG
VWUXFWXUHVFDOOHGP\FDQJLXPRUPRVWFRPPRQO\IUHHO\RQ
EHHWOHV¶ERGLHV7KH\FDQDOVREHHDWHQDQGSDVVHGWKURXJK
WKH GLJHVWLYH WUDFW +$55,1*721  62/+(,0
3$,1(HWDO/((
7KH PRUSKRORJLFDO VLPLODULW\ RI WKH RUGHUV LQ WKH
RSKLRVWRPDWRLGJURXS LVEDVHGRQDGMXVWPHQW WRYHFWRUV
VLQFHPDQ\ GHSHQG RQ WKHLU KRVW IRU GLVVHPLQDWLRQ 6,;
 7KHLU VH[XDO IUXLWLQJ VWUXFWXUHV KDYH ORQJ QHFNV
RQ ZKLFK WKHUH DUH VWLFN\ PDVVHV RI VSRUHV WKDW HDVLO\
DGKHUHWRWKHERGLHVRISDVVLQJLQVHFWVDQGDUHWUDQVIHUUHG
WRQHZVXEVWUDWHV.,5,6,76-$1.2:,$.
:,1*),(/'  6(,)(57 E ,Q DGGLWLRQ WKHLU
DVH[XDOVWDWHVRIWHQKDYHORQJVWDONVEHDULQJVWLFN\FRQLGLD
VXLWDEOHIRUGLVSHUVDOZLWKLQVHFWV&RQVHTXHQWO\IXQJLDUH










2EYLRXVO\WKHIXQJXVEHQH¿WV IURP EHLQJ GLVSHUVHG 7KH
IUXLWLQJ VWUXFWXUHV RI WKH SHUIHFW DQG LPSHUIHFW VWDWHV
RI RSKLRVWRPDWRLG IXQJL SUHVHQW DGDSWDWLRQV WR YHFWRU
GLVSHUVDO +$55,1*721  %HHWOH VSHFLHV PD\
EHQH¿W IURP WKH DVVRFLDWLRQ ZLWK IXQJL E\ IHHGLQJ RQ WKHP
6,;+$55,1*721)XQJLFRQVWLWXWHDJRRG
QXWULWLRQVRXUFHIRU WKHPSURYLGLQJWKHPZLWKVWHUROV%
YLWDPLQV QLWURJHQ DQG UHDGLO\ GLJHVWLEOH FDUERK\GUDWHV
+$55,1*721  $Q DGGLWLRQDO EHQH¿W IRU EDUN
EHHWOHPD\EH WKDW IXQJLJURZLQJ LQVDSZRRGUHGXFH WKH
PRLVWXUHFRQWHQWRIWUHHVWRDOHYHOVXLWDEOHIRUVXFFHVVIXO
EHHWOH EURRG GHYHORSPHQW /((  7KH DVVRFLDWLRQ
ZLWK IXQJLPD\EHEHQH¿FLDO IRU LQVHFWV DV LW  OLPLWV WKH
LPSDFW RI SRWHQWLDOO\ GHWULPHQWDO IXQJL DQG DOVR VLQFH
IXQJL FRQWULEXWH WR WKH KRVW WUHH GHDWK WKURXJKP\FHOLDO
SHQHWUDWLRQ RI KRVW WLVVXH WR[LQ UHOHDVH LQWHUDFWLRQV
ZLWK SHUIRUPHG DQG LQGXFHG FRQLIHU GHIHQFHV RU HYHQ
WKURXJK WKH EHHWOH¶V DQG IXQJL¶V FRPELQHG DFWLRQ GXULQJ




7KH RSKLRVWRPDWRLG IXQJL DUH FODVVLF µVSRUH GURS¶
IXQJL SURGXFLQJ VOLP\ PDVVHV RI VSRUHV DW WKH WRSV RI
ORQJ VWDONV :,1*),(/' 6(,)(57 :(%%(5
:,1*),(/'  6(,)(57 E7KH\ DUH VXSHU¿FLDOO\
PRUSKRORJLFDOO\VLPLODU:(%%(5%5$6,(5
7KH\ KDYH WKH IROORZLQJ JHQHUDO FKDUDFWHULVWLFV
$VFRFDUSV DUH JORERVH WR VXEJORERVH RU ÀDVNVKDSHG
7KH\ DUH GDUN K\DOLQH RU OLJKWO\ FRORXUHG LQ ZKROH RU
LQ SDUW 7KH\ KDYH RVWLROXP SHULWKHFLDO RU DUH HQWLUHO\
FORVHG FOHLVWRWKHFLDO 7KH\ XVXDOO\ KDYH ORQJ QHFNV
SRVVLEO\ WHUPLQDWHG ZLWK IULQJHV RI RVWLRODU K\SKDH
83$'+<$<.,5.HWDO7KHDVFLDUHERUQH
LUUHJXODUO\ WKURXJKRXW WKH FHQWUXP DQG DUH FODYDWH DQG
VXEVSKHULFDOVSKHULFDORUIXVLIRUP7KH\GHOLTXHVFHHDUO\






JHODWLQRXV VKHHW XQGHU OLJKW PLFURVFRS\ 83$'+<$<
 .,5. HW DO  $VFRVSRUHV H[XGH WKURXJK
WKH ORQJ QHFN DW WKH DSH[ LQWR D PXFLODJLQRXV GURSOHW
83$'+<$<
&RQLGLRSKRUHV PRUSKRORJ\ PD\ EH YHU\ YDULDEOH
7KHUH DUH FRQVLGHUDEOH GLIIHUHQFHV DV GHVFULEHG EHIRUH
EHWZHHQ JHQHUD LQ RSKLRVWRPDWRLG JURXS LQ WKH DVH[XDO
VWDJHV UHJDUGLQJ WKHLU FRQLGLRSKRUH VWUXFWXUH DQG WKH
ZD\ FRQLGLD JURZ -$&2%6  :,1*),(/' 
&RQLGLRSKRUHV FDQ EH ODUJH PRQRQHPDWRXV ZLWK
SLJPHQWHG VWLSHV 7KH\ FDQ DOVR EH PLFURQHPDWRXV
± D W\SLFDO FKDUDFWHULVWLF RI WKH 6SRURWUL[ JHQXV OHVV
GLIIHUHQWLDWHG ZLWK OLWWOH RU QR SLJPHQWDWLRQ DQG \HDVW
OLNH EXGGLQJ 6RPH RI WKH VSHFLHV SURGXFH V\QQHPDWRXV
FRQLGLRSKRUHV +$55,1*721&RQLGLDDUHRIWHQ
URXQGF\OLQGULFDORURYDO6,;
6LPLODU DVFRFDUSV RI &HUDWRF\VWLV 2SKLRVWRPD
&HUDWRF\VWLRSVLV DQG *URVPDQQLD ZHUH LQGHSHQGHQWO\
GHYHORSHG RZLQJ WR WKHLU DGDSWDWLRQ WR LQVHFW GLVSHUVDO






6FRO\WLQDH ZKLFK FRPPRQO\ DFW DV YHFWRUV %DUN
EHHWOHV DUH HFRQRPLFDOO\ VLJQL¿FDQW SHVWV WKDW FDQ FDXVH
HQRUPRXV HFRQRPLF ORVVHV LQ IRUHVWU\ 7KH\ DUH W\SLFDO
            =ERUQLNJR]GDUVWYD LQ OHVDUVWYD
3$,1(+RZHYHUQRWDOO WKH IXQJLDUHSDWKRJHQLF
WR WKH KRVW WUHHV0RUHRYHU PRVWO\ ZHDN SDWKRJHQV DUH







+$55,1*721 6,;  ,Q WKH QDUURZ VHQVH






WKH\ DUH QRW NQRZQ WR EH DVVRFLDWHG ZLWK JODQGV 6,;
 1RW DOO EDUN EHHWOHV SRVVHVV P\FDQJLXP LQ LWV
QDUURZ VHQVH +$55,1*721(FRQRPLFDOO\ WKH











SODQW WLVVXHV +$55,1*721  7KH WUHH LQÀXHQFH
VKRXOGEHFRQVLGHUHGLQRUGHUWRXQGHUVWDQGUHODWLRQVKLSV
EHWZHHQEDUNEHHWOHDQGIXQJL7KH\FDQQRWEHGLVFXVVHG
LQGLYLGXDOO\ VLQFH WKH\ UHSUHVHQW LQWHJUDWHG FRPSOH[HV
/((7UHHVGHIHQGWKHPVHOYHVDJDLQVWEDUNEHHWOHV
DQGSDWKRJHQVZLWKGLYHUVL¿HG PHFKDQLVPV 6XEHUL]HG DQG
OLJQL¿HG SHULGHUP GHULYDWHV VFOHUL¿HG FHOOV RU FHOO OD\HUV
UHSUHVHQWVWDWLFGHIHQFH)5$1&(6&+,,QFRQLIHU
WUHHV WKH PRVW FRPPRQ RSKLRVWRPDWRLG IXQJL KRVWV
.,5,6,76/,11$.26.,GHIHQFHVWUDWHJLHV
LQFOXGH FRQVWLWXWLYH PHFKDQLFDO DQG FKHPLFDO GHIHQFH
UHDFWLRQV DQG LQGXFHG GHIHQFH UHDFWLRQV +8'*,16 
)5$1&(6&+,7(,==(,*(5&RQVWLWXWLYH
GHIHQFH LQYROYHV WKH LQLWLDWLRQ RI ZRXQG SHULGHUP
WUDXPDWLF UHVLQ GXFW IRUPDWLRQ DV ZHOO DV FRQFHQWULF
OD\HUV RI SRO\SKHQROLF SDUHQFK\PD DQG VFOHUHQFK\PD
)5$1&(6&+, HW DO  7(,=  =(,*(5 
85%$1(..5$1-&  ,QGXFLEOH GHIHQFH V\VWHPV
LQFOXGH VHFRQGDU\ UHVLQ V\QWKHVLV SURGXFWLRQ RI QHZ
SKHQROLFVDQGSURWHLQEDVHGFKHPLFDOGHIHQFH+8'*,16
)5$1&(6&+,7(,==(,*(585%$1(.
.5$1-&  $ IHZ GD\V DIWHU WKH ¿UVW DWWDFN WKH
UHVLVWDQFHWKURXJKRXWWKHWUHHLQFUHDVHVZKLFKLVNQRZQDV
V\VWHPLFDFTXLUHGUHVLVWDQFH7(,==(,*(5
2SKLRVWRPDWRLG IXQJL KDYH RIWHQ EHHQ DVVRFLDWHG









6DSVWDLQLVGH¿QHG DV D EOXHEODFN GLVFRORUDWLRQ RI
VDSZRRGFDXVHGE\GHHSO\SHQHWUDWLQJ IXQJL WKDWDUHQRW
FDXVLQJGHFD\*,%%66(,)(577KHVHIXQJL
DUH GLVVHPLQDWHG E\ WKH EHHWOHV WR DSSURSULDWH KDELWDWV
7KH\FRORQL]HLQVHFWJDOOHULHVDQGDGMRLQLQJEDUNVDSZRRG
FDXVLQJDGLVRUGHUFDOOHGVDSVWDLQ-$1.2:,$.




WKH GLVFRORUDWLRQ DSSHDUV JUH\ EODFN RU EOXH 0$ý(.
7KHP\FHOLXP JURZV LQ SDUHQFK\PD FHOOV UDUHO\
LQWUDFKHLGV7KH\DUHJHQHUDOO\XQDEOHWRSHQHWUDWHZRRG
FHOOZDOOV EXW SDVV IURP FHOO WR FHOO WKURXJK ERUGHU SLWV
6(,)(570$ý(.7KHZRRGGRHVQRWORVH
LWV VWUHQJWK RU LWV WHFKQLFDO YDOXH EHFDXVH FHOO ZDOOV DUH
QRW GHFD\LQJ VLQFH EOXHVWDLQ IXQJL GR QRW SRVVHV ZRRG
GHFD\LQJ HQ]\PHV 0$ý(.5HJDUGOHVV WKH ORVV
RIDHVWKHWLFZRUWKPDNHV WKH WLPEHUYDOXHGHFUHDVH WKXV
FDXVLQJVLJQL¿FDQW ¿QDQFLDO ORVVHV WR WKH WLPEHU LQGXVWU\














LQVHFWYHFWRUVRU DELRWLF DJHQWV7KH\ LQIHFW WKHYDVFXODU
V\VWHPRIOLYLQJWUHHVOHDGLQJWRZDWHUWUDQVSRUWGLVUXSWLRQ
DQG ¿QDOO\ WUHH GHDWK +$55,1*721  .,5,6,76
7KHPRVWUHFRJQL]HGYDVFXODUZLOWGLVHDVHLV'XWFK
HOP GLVHDVH WKDW LV FDXVHG E\2 XOPL DQG2 QRYRXOPL







PHFKDQLVPV WKH GHDWK RI WKH SKORHP DQG H[WHQVLYH
LQYDVLRQDQGVWDLQLQJRIWKHZRRG:(%%(5%5$6,(5
6RPHRIVDSVWDLQIXQJLDUHKLJKO\SDWKRJHQLFDQG
DVVRFLDWHGZLWKVSHFL¿F EDUN EHHWOHV 2QH RI WKH FRPPRQ
DVVRFLDWH RI ,SV W\SRJUDSKXV RQ 1RUZD\ VSUXFH WUHH LV







D WKUHDW WR WKH HFRQRPLFDO UROH RI IRUHVWV DQG WLPEHUV
0$ý(.2SKLRVWRPDWRLGIXQJLUHJXODUO\WRJHWKHU
ZLWKEDUNEHHWOHVLQÀXHQFH GDPDJH DQG FDXVH SUHPDWXUH
WUHHV GHDWK DW DOO VWDJHV RI GHYHORSPHQWZKLFK SUHYHQWV
WKHUHDOL]DWLRQRIIRUHVWIXQFWLRQVRIWHQUHTXLULQJVDOYDJH





'LUHFW HFRQRPLF LPSDFW RQ WKH IRUHVWV LV UHODWHG
WR WKH UHGXFHG HI¿FLHQF\ RI SURGXFWLRQ EHFDXVH RI WKH
YDVFXODUZLOWGLVHDVHVDQGYDVFXODUVWDLQSDWKRJHQV2IWHQ
HFRQRPLF ORVVHV UHVXOW IURP WKH GHSUHFLDWLRQ RI ZRRG
FDXVHGE\EOXHVWDLQIXQJL
,W LV ZRUWK FRQVLGHULQJ WKH SRWHQWLDO RI WKH
RSKLRVWRPDWRLGIXQJLWREHFRPHDVHULRXVSHVWLQFKDQJHG
RU QHZ HQYLURQPHQWV *OREDO WUDGH LQ OLYLQJ FRQLIHURXV
KRVW SODQWV ORJV DQG ZRRG SURGXFWV UDLVHV D VLJQL¿FDQW
ULVN RI LQWURGXFLQJ SDWKRJHQV LQWR QHZ HQYLURQPHQWV
2SKLRVWRPDWRLG IXQJL FXUUHQWO\ FDXVLQJ RQO\ PLQRU
VDSVWDLQ PD\ SRWHQWLDOO\ EHFRPH VHULRXV YDVFXODU VWDLQ
SDWKRJHQVRQDOOLHGKRVWVSHFLHVLQQHZSDUWVRIWKHZRUOG
LI LQWURGXFHGWKHUH*,%%67KHFDVHVRISUHYLRXV
LQWURGXFWLRQ RI QRQQDWLYH LQYDVLYH RUJDQLVPV LQWR QHZ




VLQFH WKH KRVW SRSXODWLRQ LQ WKH QHZ HQYLURQPHQW KDV
OLWWOHRUQRUHVLVWDQFHWRSDWKRJHQ7KHUHIRUHDQHSLGHPLF
PD\ RFFXU LI WKH HQYLURQPHQWDO IDFWV DUH IDYRXUDEOH ,Q
DGGLWLRQ LQVHFWDVVRFLDWLRQVSURYLGHUDSLG ORFDOGLVSHUVDO
6/,33(56:,1*),(/'
(YHQ LI WKH GDPDJH LV SUHVHQWO\ RQ D VPDOO VFDOH
SUHGLFWHG HQYLURQPHQWDO FKDQJHV DW YDULRXV OHYHOV PD\
WULJJHUQHZWKUHDWVDWODUJHUVFDOHVRUDUHDV.$0$7$$HW
DO.$86(58'HWDO2SKLRVWRPDWRLGIXQJL




LQÀXHQFH RI RSKLRVWRPDWRLG IXQJL RQ
IRUHVWV
0RåQHUHãLWYH]DRPLOLWHYYSOLYD
R¿RVWRPDWRLGQLK JOLY QD JR]GRYH
7KH PRVW LPSRUWDQW VWUDWHJ\ LV WKH VWUHQJWKHQLQJ
RI WKH SODQW SURWHFWLRQ V\VWHP LQ 6ORYHQLDQ ,QWHJUDWHG
)RUHVW 3URWHFWLRQ ZLWK DGPLQLVWUDWLYH H[HFXWLYH DQG
LQVSHFWRULDO WDVNV 6HOHFWHG KDUPIXO RUJDQLVPVZKLFK LQ
WKH IXWXUHPLJKW QHJDWLYHO\ LQÀXHQFH IRUHVW KHDOWK PXVW
EHLQWHQVLYHO\LQYHVWLJDWHG7KHRUJDQL]DWLRQDQGPRGHRI





H[DPSOH WR¿JKW 'XWFK HOP GLVHDVH )XQJLFLGHV DUH XVHG
WR FRQWURO VDSVWDLQ DW WKH WLPH EHIRUH ZRRG SURFHVVLQJ
)XQJLFLGHEDVHG VDSVWDLQ FRQWURO PHWKRGV DUH HLWKHU QRW
SRVVLEOH IRU DOO PDUNHWV RU SUREOHPDWLF EHFDXVH RI WKHLU
EURDGVSHFWUXPRIDFWLRQ,QIRUHVWU\WKHXVHRIIXQJLFLGH
LVDOVRQRWDGYLVDEOHVLQFHWKH\DUHQRWHFRORJLFDOO\VXLWDEOH
$&7 21 )25(676  7KH HQYLURQPHQWDO LPSDFW
UHVXOWLQJ IURP SHVWLFLGH XVDJH KDV SURPSWHG WKH VHDUFK
IRUDOWHUQDWLYHDSSURDFKHVWRVDSVWDLQFRQWURO+(/'HWDO

2QH SRWHQWLDO VROXWLRQ PD\ EH EUHHGLQJ WUHHV IRU
GLVHDVH UHVLVWDQFH LH SKHQRW\SLF VHOHFWLRQ RU JHQHWLF
LPSURYHPHQW RI IRUHVW WUHHV 7KLV LV VXLWDEOH IRU ORQJ
WHUP FRQWURO EXW WKHUH LV GRXEW EHFDXVH RI WKH WUHHV¶
ORQJ GHYHORSPHQW WKH UHVLVWDQFH DOVRPD\ FKDQJH IURP
\RXQJWRDGXOWWUHHV7KHVHFRQGREVWDFOHLVWKDWIXQJLFDQ
FKDQJH LQ YLUXOHQFH ':,1(// 7KH EUHHGLQJ RI
GLVHDVHUHVLVWDQWWUHHVIRU\HDUVLVRIWHQSRLQWOHVVVLQFHLQ
WKHPHDQWLPHIXQJLEHKDYLRXURUYLUXOHQFHPD\FKDQJH,W
FRXOGEHXVHIXO IRU WKHH[WHQVLRQSODQWDWLRQVEXWQRW IRU
WKHQDWXUDOIRUHVWV
:RRGVWDLQLQJ IXQJL FRORQL]H JUHHQ ZRRG DW WKH
KDUYHVWLQJ VLWH DQG GXULQJ VWRUDJH DQG WUDQVSRUWDWLRQ
6&+52('(5  %OXHVWDLQ GHYHORSPHQW GHSHQGV
RQ WLPEHU VWRUDJH WLPH DQG VSHFL¿F EOXHVWDLQ IXQJL
HQYLURQPHQWDOFRQGLWLRQV$QLQWHUHVWLQJVWXG\ZDVPDGH
LQ$XVWULD)5,('/RQ1RUZD\VSUXFHLQZKLFKD
PRGHO ZDV GHYHORSHG WR HVWLPDWH WKH PD[LPXP VWRUDJH
WLPH±IURPIHOOLQJWRWKHRFFXUUHQFHRIGLVFRORUDWLRQ±RQ
WKH ORJV FDXVHG E\ EOXHVWDLQ IXQJL 7KH PRGHO LV EDVHG
RQ WKH SDUDPHWHUV VHDVRQ RI KDUYHVW DQGPHDQ GDLO\ DLU
WHPSHUDWXUH:LWKWKHKHOSRISURSHUPRGHOVWKHQHFHVVDU\
VWRUDJHWLPHFRXOGEHHVWLPDWHGEHIRUHEOXHVWDLQDSSHDUV
HFRQRPLF ORVV FRXOG EH ORZHU LI WKH ZRRG LV SURFHVVHG
EHIRUHWKDWWLPH,Q$XVWULDWKH\HVWLPDWHGWKHPD[LPXP
VWRUDJH WLPH  WR  ZHHNV GXULQJ WKH VXPPHU DQG 
ZHHNVGXULQJWKHZLQWHU
3RVVLEOHVROXWLRQVFDQEHDOWHULQJWKHRSKLRVWRPDWRLG
            =ERUQLNJR]GDUVWYD LQ OHVDUVWYD
IXQJL WKH WUDQVIRUPDWLRQ RI IXQJDO JHQRPH GHYHORSLQJ
VWUDLQV WKDW FDQQRW FDXVH VDSVWDLQRU WKDW FDQQRWSHUIRUP
RQHRUPRUHRIWKHLUOLIHWDVNV+RZHYHUWKLVLVHYHQDPRUH
GLI¿FXOW DQG FRPSOH[ WDVN WR SHUIRUP WKDQ EUHHGLQJ WUHHV IRU
GLVHDVHUHVLVWDQFH0RUHRYHULWLVGDQJHURXVWRLPSOHPHQW
JHQHWLFDOO\ DOWHUHG VSHFLPHQ LQ WR WKH HQYLURQPHQW
$FFRUGLQJ WR WKH'LUHFWLYHRQ WKHGHOLEHUDWH UHOHDVH LQWR
WKHHQYLURQPHQWRIJHQHWLFDOO\PRGL¿HG RUJDQLVPV *02
 D FDVHE\FDVH HQYLURQPHQWDO ULVN DVVHVVPHQW
VKRXOGDOZD\VEHFDUULHGRXWSULRU WRDUHOHDVH ,WVKRXOG
DOVR WDNH GXH DFFRXQW RI SRWHQWLDO FXPXODWLYH ORQJWHUP















LQ1HZ=HDODQG WRFRQWURO VDSVWDLQ6HYHUDO VWUDLQVZHUH




VWDLQLQJ IXQJL SURGXFH VHYHUDO H[WUDFHOOXODU SURWHDVHV
+2))0$1%5(8,/PDGHDVWXG\RIGLVUXSWLQJ
WKH JHQH HQFRGLQJ WKH HQ]\PH IRU H[WUDFWLRQ IURP WKHVH
SURWHLQ UHVRXUFHV $IWHU WKH GLVUXSWLRQ RI WKH JHQH WKH
JURZWKRI WKH IXQJXVRQRUJDQLFQLWURJHQDQGZRRGZDV
UHGXFHG
$QRWKHU LPSRUWDQW ¿QGLQJ ZDV WKDW WKH DPRXQW
DQG IRUP RI QLWURJHQ DYDLODEOH LQ WUHHV FRXOG LQÀXHQFH
WKH JURZWK RI VDSVWDLQLQJ IXQJL$V WKH OHYHOV ÀXFWXDWH
ZLWKWKHVHDVRQWKLVLQIRUPDWLRQPD\KHOSLGHQWLI\KLJK
DQG ORZULVN SHULRGV IRU KDUYHVWLQJ ORJV +2))0$1 
%5(8,/
$SSURSULDWH SUHFDXWLRQV DQG VWULFW FRQWURO RYHU
WKH LPSRUW RI SODQWVZRRGPDWHULDO DQGSURGXFWV VKRXOG
EH LPSOHPHQWHG :LWK JOREDO WUDGH JURZWK WKH ULVN RI
PRYHPHQW DQG QHZ SRWHQWLDO RSKLRVWRPDWRLG IXQJL
SDWKRJHQV JURZV 6SHFL¿F TXDUDQWLQH UHTXLUHPHQWV DUH





LQ IRUHVWV DURXQG WKH ZRUOG DQG WKXV LQ 6ORYHQH IRUHVWV
DV ZHOO 7KH\ DUH YHU\ FRPPRQO\ DVVRFLDWHG ZLWK EDUN
EHHWOHVDQGZRRG\SODQWV7KH\RFFXUERWKRQFRQLIHURXV
DQG GHFLGXRXV WUHHV PRVW VLJQL¿FDQWO\ RQ FRQLIHU WUHHV
RIWKHQRUWKHUQKHPLVSKHUH7KHWD[RQRP\RIWKHVSHFLHV
LQWKLVJURXSZDVXQFHUWDLQIRUDORQJWLPHEXWLWEHFDPH







2SKLRVWRPDWRLG IXQJL FDXVH YDVFXODU ZLOW GLVHDVHV
DQG VDS VWDLQ ERWK FRQWULEXWLQJ WR HFRQRPLF ORVVHV LQ
IRUHVWU\VHFWRU7KHZRRGLQGXVWU\UHOLHVRQWKHSURGXFWLRQ
RI KLJK TXDOLW\ SURGXFWV LQ RUGHU WR UHPDLQ FRPSHWLWLYH
DQG SUR¿WDEOH 7KH DHVWKHWLF TXDOLW\ RI ZRRG LV RIWHQ
FRPSURPLVHGE\VDSVWDLQZRRGLQKDELWLQJIXQJLUHGXFLQJ
LWV HFRQRPLFYDOXH%HFDXVHRI WKHSDWKRJHQV DQGSHVWV
WKHDPRXQWRIVDQLWDU\IHOOLQJLQFUHDVHV,WLVQHFHVVDU\WR
¿QG DQ DSSURSULDWH VROXWLRQ DJDLQVW EOXHVWDLQ DQG YDVFXODU
ZLOW GLVHDVH (IIRUWV VKRXOG EH FRQFHQWUDWHG RQ ¿QGLQJ
LQH[SHQVLYH VROXWLRQV WR¿JKW WKHVH GLVRUGHUV $GGLWLRQDO
HQGHDYRXUVKRXOGWKXVEHPDGHWR¿QG DQ HQYLURQPHQWDOO\
IULHQGO\ VXVWDLQDEOH VROXWLRQ $ FUXFLDO SRLQW LV WR
XQGHUVWDQGWKHIXQJDOELRORJ\DQGFRQVHTXHQWO\WKHGLVHDVH
GHYHORSPHQWLQRUGHUWR¿JKW WKH GLVHDVHV
7KH ULVNV RI IRUHVW WUHHV GDPDJHV FDXVHG E\
RSKLRVWRPDWRLG IXQJL LQFUHDVH ZLWK HFRORJLFDO FKDQJHV
DQG WKHLU LQWURGXFWLRQ WR QHZ HQYLURQPHQWV $ VHULRXV
SUREOHP LVSRVHGE\JOREDO WUDGHDV LW FDXVHVDEOHQGLQJ
RI VSHFLHV DURXQG WKHZRUOG 7KH VHFRQG ULVN LV FOLPDWH
FKDQJHDQGZLWKLWQHZSHUKDSVIDYRXUDEOHFRQGLWLRQVIRU






WKH VROXWLRQV FRQVLGHUHG LQ WKLV SDSHU FDQ EH FRQVWDQWO\
HFRQRPLFDOO\RUHQYLURQPHQWDOO\DFFHSWDEOH7KHGDPDJH
WKDW RQH VSHFLHV PD\ FDXVH DQG WKH H[SHQVHV IRU WKH
FRQWURO LPSOHPHQWDWLRQ DOZD\V KDYH WR EH WDNHQ LQWR
FRQVLGHUDWLRQ
$OWKRXJKDVLJQL¿FDQW DPRXQW RI UHVHDUFK KDV EHHQ
GRQHLQWKLV¿HOG RSKLRVWRPDWRLG IXQJL VKRXOG EH VWXGLHG
LQYDULRXVFRQGLWLRQV LQ WKH IXWXUH WKHLU UROH LQ WKHEDUN
EHHWOHV HFRORJ\ DQG SDWKRJHQLFLW\ RQ WUHHV VKRXOG DOVR
EH FRQVLGHUHG 7KH YHFWRU GLVVHPLQDWLRQ RI IXQJL WR
DSSURSULDWH KDELWDW LV DQ LPSRUWDQW LVVXH 7KH UHVHDUFK
HIIRUWVRQWKHYDULRXVGLVVHPLQDWLRQYHFWRUVDVZHOODVRQ
WKHIXQJL±EHHWOH±WUHHFRPSOH[FRXOGDOVREHHQKDQFHG
)LQDOO\ WKH RUJDQL]DWLRQ DQG PRGH RI ZRUN RI
UHSRUWLQJ GLDJQRVWLF DQG SURJQRVWLF VHUYLFH IRU IRUHVWV
LQ 6ORYHQLD PXVW EH VWUHQJWKHQHG DV ZHOO DV WKH WDVNV
5HSH$-XUF02SKLRVWRPDWRLGIXQJL$VFRP\FRWD2SKLRVWRPDWDFHDHDVVRFLDWHGZLWKEDUNEHHWOHV 




*OLYH ]QDQH SRG VNXSQLP LPHQRPR¿RVWRPDWRLGQH
JOLYH VHVWDYOMDMR VNXSLQR UD]OLþQLK URGRY L] GHEOD
$VFRP\FRWD 7L URGRYL VR2SKLRVWRPD 6\G 	 3 6\G




+\DORUKLQRFODGLHOOD +3 8SDGK\D\ 	 :% .HQGU
7KLHODYLRSVLV:HQW&KDODUD &RUGD5DEHQK*UDSKLXP
&RUGD
9 SUHWHNORVWL VR ELOH QD RVQRYL PRUIRORãNLK LQ
HNRORãNLK ]QDNRY LQ SR GRNWULQL PRUIRORãNHJD NRQFHSWD
YUVWHRPHQMHQHVNXSLQHXYUãþHQHYVNXSHQURG6SRPRþMR
JHQHWVNLK DQDOL] U'1$ LQ Y VNODGX V ¿ORJHQHWVNLP
NRQFHSWRP YUVWH ODKNR XJRWRYLPR GD VHVWDYOMDMR YHþ
UD]OLþQLKURGRYR]LURPDVLQLVRQLWLYEOLåQMHPVRURGVWYX
2SKLRVWRPD*URVPDQQLDLQ&HUDWRF\VWLRSVLVVRXYUãþHQH
Y UHG2SKLRVWRPDWDOHV&HUDWRF\VWLV Y UHG0LFURDVFDOHV







NL MLK SRNULYD VOX]DVWDPDVD NRQLGLMHY *OLYH V WDNãQLPL
SORGLãþLVRSULODJRMHQHUD]QRVXVSRU]YHNWRUMLQDMSRJRVWHMH
KURãþL 3UHGYLGHYDPR GD MH RGYLVQRVW RG SUHQRVD ]
åXåHONDPL UD]ORJ]DQMLKRYRPRUIRORãNRSRGREQRVW VLFHU
WDNVRQRPVNRRGGDOMHQLKURGRY
2¿RVWRPDWRLGQH JOLYH VH QDMSRJRVWHMH SRMDYOMDMR
QD OHVQDWLK UDVWOLQDK LQ VR ODKNR Y]URN ]D ãWHYLOQH
EROH]QL 1DMYHþMR JRVSRGDUVNR ãNRGR SRY]URþDMR QD
LJODYFLK VHYHUQH SROREOH =D SR]QDYDQMH ELRORJLMH
R¿RVWRPDWRLGQLK JOLY MH SRPHPEHQ WULWUR¿þQL RGQRV
PHG JOLYR KURãþHP LQ JRVWLWHOMVNLP GUHYHVRP +URãþL
SUHGYVHP SD SRGOXEQLNL 6FRO\WLQDH SUHQDãDMR JOLYQH
WURVHQDVYRMHPWHOHVXYSRVHEQLKPHãLþNLKLQYGROELQLFDK
QD WHOHVX DOL VSHFLDOL]LUDQLK VWUXNWXUDK ] åOH]DPL NL VH
LPHQXMHMR PLNDQJLML PLFHWDQJLM 6 WURVL JOLY VH KURãþL





EROH]QL SUHYRGQHJD VLVWHPD JRVWLWHOMVNHJD GUHYHVD LQ
SRPDJDMR VYRMLP YHNWRUMHP XQLþLWL GUHYR 2EDUYDQMH
EHOMDYH SRY]URþD PLFHOLM JOLYH NL UDVWH Y SDUHQKLPVNLK
FHOLFDK +LIH QH SURGLUDMR VNR]L FHOLþQR VWHQR VDM QH




%ROH]QL SUHYRGQHJD VLVWHPD VR ]D GUHYR QHYDUQH LQ VR
GRGDWHQ GHMDYQLN VXãHQMD GUHYHV SRYH]DQ V SRGOXEQLNL
*OLYH RNXåLMR SUHYRGQL VLVWHP YLWDOQHJD GUHYHVD NDU
SRY]URþL SUHNLQLWHY WUDQVSRUWD YRGH KUDQLO LQ QDVWDOLK




2¿RVWRPDWRLGQH JOLYH SRPHQLMR QHYDUQRVW Y
VSUHPHQMHQLK DOL QRYLK RNROMLK *OLYH NL WUHQXWQR QH
SRY]URþDMRYHþMHãNRGHYJR]GRYLKLQJR]GQLKSURGXNWLKEL
VVSUHPHPERNOLPHDOLVSUHQRVRPYQRYRRNROMHWUJRYLQD
] OHVRP LQ OHVQLPL SURL]YRGL ODKNR SRVWDOH SRPHPEQL
SDWRJHQL
2¿RVWRPDWRLGQH JOLYH VNXSDM V SRGOXEQLNL
VSUHPHQLMR LQSRãNRGXMHMRSUHYRGQD WNLYDGUHYHV þHPXU
VOHGL SUHNLQLWHY WUDQVSRUWD VQRYL LQ NRQþQR SUH]JRGQMR
RGPLUDQMH GUHYHV Y YVHK UD]YRMQLK VWRSQMDK =DWR
R¿RVWRPDWRLGQH JOLYH YSOLYDMR QD YVH IXQNFLMH ]GUDYHJD
JR]GDSRYHþDVHSRJRVWRVWVDQLWDUQLKVHþHQMLQSRVOHGLþQR





ODKNR SRY]URþLOL YHOLNR ãNRGH )XQJLFLGL Y VORYHQVNHP
JR]GDUVWYX QLVR SULSRURþOMLYL LQ VR HNRORãNR QHXVWUH]QL












Y OHVX] JHQHWVNLPLUD]OLþLFDPLJOLYNL MLK WDNVRQRPVNR
XYUãþDPR Y R¿RVWRPDWRLGQH JOLYH YHQGDU OHWH QH
SRY]URþDMRREDUYDQMDOHVDDOLEROH]QLSUHYRGQHJDVLVWHPD
JRVWLWHOMHY VR SD NRQNXUHQþQH GUXJLP R¿RVWRPDWRLGQLP
JOLYDP
 .DNR SUHSR]QDWL QHJDWLYQH YSOLYH REUDYQDYDQH
VNXSLQH JOLY QD VHVWRMH LQ NDNR SUDYRþDVQR SUHSUHþLWL
VXãHQMH VHVWRMHY NL MLK OHWH ãH GRGDWQR SRYHþXMHMR"
3RWUHEQR MH QDGDOMQMH SUHXþHYDQMH R¿RVWRPDWRLGQLK JOLY
YUD]OLþQLKUD]PHUDKUD]LVNDWLQMLKRYRYORJRYHNRORJLML
SRGOXEQLNRY LQ SDWRJHQRVWL GR GUHYHV 3RVSHãLWL MH WUHED
UD]LVNDYH QD SRGURþMX VSUHPHPE RNROMD LQ SRVOHGLþQR
VSUHPHPEYSOLYD R¿RVWRPDWRLGQLK JOLY QD JR]GRYH 9VH
PRUHELWQHXNUHSHLQWHJUDOQHJDYDUVWYDJR]GRYNLELVOHGLOL





$FW RQ IRUHVWV 2I¿FLDO *D]HWWH 56  

$*+$<(9$'1 :,1*),(/'0 -  %((5=:'
.,5,6,767 7ZRQHZ2SKLRVWRPD VSHFLHVZLWK
6SRURWKUL[ DQDPRUSKV IURP $XVWULD DQG $]HUEDLMDQ
0\FRORJLD±
%(1$'( (  :,1*),(/' 0 -  :<. 3 6 9 







)$55(// 5 /  %/$1&+(77( 5 $  %586+ 7 6 




)5$1&(6&+, 9 5  .52.(1( 3  .5(./,1* 7 
&+5,67,$16(1 (  3KORHP SDUHQFK\PD FHOOV
DUH LQYROYHG LQ ORFDO DQG GLVWDQW GHIHQVH UHVSRQVHV WR
IXQJDOLQRFXODWLRQRUEDUNEHHWOHDWWDFNLQ1RUZD\VSUXFH
3LQDFHDH$PHULFDQ-RXUQDORI%RWDQ\±
)5,('/ .  %OlXH DQ )LFKWHQUXQGKRO] ±
6FKDGHQVTXDQWL¿]LHUXQJ XQG DXVZLUNXQJ DXI GLH
ODJHUXQJVGDXHU)250(&*PXQGHQ2EHU|VWHUUHLFK
6HSWHPEHU





VDSVWDLQ LQ WUHHV DQG IUHVKO\ FXW ORJV9:LQJ¿HOG 0-
6HLIHUW .$ :HEHU -)2SKLRVWRPD DQG&HUDWRF\VWLV
7D[RQRP\HFRORJ\DQGSDWKRJHQLFLW\6W3DXO0LQQHVRWD
$363UHVV
*52'=., :  0&0$186 0  .1Ë,0$*( 0 




+$55,1*721 7 &  /HSWRJUDSKLXP 9 6LQJOHWRQ
// 0LKDLO -' 5XVK &0 0HWKRGV IRU UHVHDUFK RQ
VRLOERUQH SK\WRSDWKRJHQLF IXQJL 6W 3DXO 0LQQHVRWD
$363UHVV±
+$55,1*721 7 &  'LVHDVHV RI FRQLIHUV FDXVHG E\
VSHFLHVRI2SKLRVWRPD DQG/HSWRJUDSKLXP9:LQJ¿HOG
0- 6HLIHUW .$ :HEHU -) 2SKLRVWRPD DQG
&HUDWRF\VWLV 7D[RQRP\ HFRORJ\ DQG SDWKRJHQLFLW\ 6W
3DXO0LQQHVRWD$363UHVV
+$55,1*721 7 &  (FRORJ\ DQG HYROXWLRQ RI
P\FRSKDJRXV EDUN EHHWOHV DQG WKHLU IXQJDO SDUWQHUV 9
9HJD)(%ODFNZHOO0,QVHFWIXQJDODVVRFLDWLRQHFRORJ\





6HLIHUW .$ :HEHU -)2SKLRVWRPD DQG&HUDWRF\VWLV
7D[RQRP\HFRORJ\DQGSDWKRJHQLFLW\6W3DXO0LQQHVRWD
$363UHVV
+(/' % :  7+:$,7(6 - 0  )$55(// 5 / 
%/$1&+(77(5$$OELQR6WUDLQVRI2SKLRVWRPD
VSHFLHV IRU ELRORJLFDO FRQWURO RI VDSVWDLQLQJ IXQJL
+RO]IRUVFKXQJ±
+2))0$1%%5(8,/&'LVUXSWLRQRIWKHVXEWLODVH
JHQH DOELQ LQ 2SKLRVWRPD SLOLIHUXP $SSO (QYLURQ
0LFURELRO±
+8'*,16 - : )5$1&(6&+, 9 5  0HWK\O
MDVPRQDWH,QGXFHG HWK\OHQH SURGXFWLRQ LV UHVSRQVLEOH IRU
FRQLIHU SKORHP GHIHQVH UHVSRQVHV DQG UHSURJUDPPLQJ RI
VWHPFDPELDO]RQHIRUWUDXPDWLFUHVLQGXFWIRUPDWLRQ3ODQW
3K\VLRORJ\
-$&2%6 .  :,1*),(/' 0 -  /HSWRJUDSKLXP







'  -212=29,ý 0  =GUDYMH JR]GRY 6ORYHQLMD
 /MXEOMDQD *R]GDUVNL LQãWLWXW 6ORYHQLMH  =DYRG ]D
JR]GRYH6ORYHQLMHV
-85&'D3ODWDQRYREDUYDQLUDN&HUDWRF\VWLV¿PEULDWD
(OOLV 	 +DOVWHG I VS SODWDQL :DOWHU 9 6HPLQDU ]D




-85& ' E 9HQHQMH KUDVWRY LQ YHNWRUML  &HUDWRF\VWLV
IDJDFHDUXP %UHW] +XQW  3VHXGRSLW\RSKWKRUXV
PLQXWLVVLPXV =LPPHUPDQQ LQ 3 SUXLQRVXV (LFKRII
96HPLQDU]D¿WRVDQLWDUQH LQãSHNWRUMH   PDM MXQLM LQ
± MXQLM/XND.RSHU/MXEOMDQD0LQLVWUVWYR]D
NPHWLMVWYRJR]GDUVWYRLQSUHKUDQR,QãSHNWRUDW5HSXEOLNH
6ORYHQLMH ]D NPHWLMVWYR JR]GDUVWYR ORYVWYR LQ ULELãWYR
±
-85& '  0HVWR 3RURþHYDOVNH GLDJQRVWLþQH LQ
SURJQRVWLþQH VOXåEH ]D JR]GRYH Y VLVWHPX YDUVWYD UDVWOLQ
6ORYHQLMH9+/$'1,.'DYLG0RQLWRULQJJRVSRGDUMHQMD
] JR]GRP LQ JR]GQDWR NUDMLQR /MXEOMDQD %LRWHKQLãND
IDNXOWHWD2GGHOHN]DJR]GDUVWYRLQREQRYOMLYHJR]GQHYLUH
6WXGLDIRUHVWDOLD6ORYHQLFD±
-85& 0  ,QVHFW SDWKRJHQV ZLWK VSHFLDO UHIHUHQFH WR
SDWKRJHQVRIEDUNEHHWOHV&RO6FRO\WLGDH,SVW\SRJUDSKXV
/ 3UHOLPLQDU\ UHVXOWV RI LVRODWLRQ RI HQWRPRSDWKRJHQLF




-85& 0  3(5.2 0  'ä(526., 6  '(0â$5





.$0$7$$1 (6$.,$. .$72$.  ,*(7$$< 
:$'$$.3RWHQWLDOLPSDFWRIJOREDOZDUPLQJRQ
GHFLGXRXVRDNGLHEDFNFDXVHGE\DPEURVLDIXQJXV5DIIDHOHD
VS FDUULHG E\ DPEURVLD EHHWOH 3ODW\SXV TXHUFLYRUXV
&ROHRSWHUD3ODW\SRGLGDHLQ-DSDQ%(QWRPRO5HV







ZLWK VSHFLDO HPSKDVLV RQ WKH RSKLRVWRPDWRLG IXQJL 9











2GGHOHN ]D JR]GDUVWYR LQ REQRYOMLYH JR]GQH YLUH 6WXGLD
IRUHVWDOLD6ORYHQLFD±
/((6)XQJLDVVRFLDWHGZLWKWKHPRXQWDLQSLQHEHHWOH
'HQGURFWRQXV SRQGHURVDH 7KH 8QLYHUVLW\ RI %ULWLVK
&ROXPELD&DQDGDV
/,11$.26.,5%((5=:'5286,01,(0(/$













DVVRFLDWHG ZLWK ,SV W\SRJUDSKXV IURP WKH âXPDYD076
&]HFK5HSXEOLF&]HFK0\FRO±±
2.$'$*.$6(,)(577$.(0$768$<$0$2.$
<  0,<$=$., 6  78%$., .  $ PROHFXODU
SK\ORJHQHWLF UHDSSUDLVDO RI WKH *UDSKLXP FRPSOH[ EDVHG
RQ6U'1$VHTXHQFHV&DQ-%RW±
3$,1(7'%DUNEHHWOHVFRQLIHUVDQGIXQJLUHGH¿QLQJ
UHODWLRQVKLSV 7KH 2SKLRVWRPDWRLG )XQJL ([SDQGLQJ
)URQWLHUVWKWK$XJXVW%ULVEDQH$XVWUDOLD
3$,1(7' 5$))$.) +$55,1*7217& 
,QWHUDFWLRQV DPRQJ VFRO\WLG EDUN EHHWOHV WKHLU DVVRFLDWHG
IXQJL DQG OLYH KRVW FRQLIHUV $QQX 5HY (QWRPRO 
±
5(3( $  -85& 0  *OMLYH L] URGD 2SKLRVWRPD QD
SRWNRUQMDFLPD X 6ORYHQLML *ODVLOR ELOMQH ]DãWLWH  
±
5,9(5$ ) 1  *Ï0(= =  *21=È/(= (  /Ï3(=
1 52'5Ë*8(=&++ =Ò1,*$*<HDVWV
DVVRFLDWHG ZLWK EDUN EHHWOHV RI WKH JHQXV 'HQGURFWRQXV
(ULFKVRQ &ROHRSWHUD &XUFXOLRQLGDH 6FRO\WLQDH
0ROHFXODULGHQWL¿FDWLRQ DQG ELRFKHPLFDO FKDUDFWHUL]DWLRQ
86'$)RUHVW6HUYLFH3URFHHGLQJV5056±
6$08(/6*-7KHFDVHIRUGLVWLQJXLVKLQJ&HUDWRF\VWLV








6(,)(57 . $  6DSVWDLQ RI FRPPHUFLDO OXPEHU E\
VSHFLHVRI2SKLRVWRPDDQG&HUDWRF\VWLV9:LQJ¿HOG0-
6HLIHUW .$ :HEHU -)2SKLRVWRPD DQG&HUDWRF\VWLV
7D[RQRP\HFRORJ\DQGSDWKRJHQLFLW\6W3DXO0LQQHVRWD
$363UHVV
6(,)(57.$ $QDPRUSKVRI RSKLRVWRPDWRLG IXQJL
7KH 2SKLRVWRPDWRLG )XQJL ([SDQGLQJ )URQWLHUV WK 
WK$XJXVW%ULVEDQH$XVWUDOLD
6,;'/%DUNEHHWOHIXQJXVV\PELRVHV9%RXUW]LV
.0LOOHU 7$ ,QVHFW V\PELRVLV &5& 3UHVV //& ±

6,;'/(QYLURQPHQWDODQGHYROXWLRQDU\GHWHUPLQDQWV
RI EDUN EHHWOHIXQJXV V\PELRVHV7KH 2SKLRVWRPDWRLG
IXQJL H[SDQGLQJ IURQWLHUV WK  WK $XJXVW 
%ULVEDQH$XVWUDOLD
6/,33(56%:,1*),(/'0-3RSXODWLRQJHQHWLFV
RI 2SKLRVWRPDWRLG IXQJL FRPSOH[ UHSURGXFWLYH V\VWHPV
DQWKURSRJHQLF DQG LQVHFW VSUHDG DQG HSLGHPLFV 7KH
RSKLRVWRPDWRLG IXQJL H[SDQGLQJ IURQWLHUV WK  WK
$XJXVW%ULVEDQH$XVWUDOLD
62/+(,0 +  (FRORJLFDO DVSHFW RI IXQJL DVVRFLDWHG
ZLWKWKHVSUXFHEDUNEHHWOH,SVW\SRJUDSKXVLQ1RUZD\9
:LQJ¿HOG 0- 6HLIHUW .$ :HEHU -) 2SKLRVWRPDDQG
&HUDWRF\VWLV 7D[RQRP\ HFRORJ\ DQG SDWKRJHQLFLW\ 6W
3DXO0LQQHVRWD$363UHVV
7$,= / =(,*(5 (  3ODQW 3K\VLRORJ\ WK HGLWLRQ
6XQGHUODQG0DVV6LQDXHU$VVRFLDWHV;;9,V
7.$&= % 0  5LVNV DVVRFLDWHG ZLWK ZRUOG WUDGH LQ
ORJV DQG XQPDQXIDFWXUHGZRRG $Q LQWHUQDWLRQDO RQOLQH




83$'+<$< + 3  $ PRQRJUDSK RI&HUDWRF\VWLV DQG
&HUDWRF\VWLRSVLV$WKHQV8QLYHUVLW\RI*HRUJLD3UHVV
V
83$'+<$<+3&ODVVL¿FDWLRQ RI WKH 2SKLRVWRPDWRLG
IXQJL 9 :LQJ¿HOG 0- 6HLIHUW .$ :HEHU -)
2SKLRVWRPD DQG &HUDWRF\VWLV 7D[RQRP\ HFRORJ\ DQG
SDWKRJHQLFLW\6W3DXO0LQQHVRWD$363UHVV
:(%%(5 -  %5$6,(5 &  6DSVWDLQ DQG YDVFXODU
SDWKRJHQV $Q LQWHUQDWLRQDO RQOLQH ZRUNVKRS WR UHGXFH
PRYHPHQWRI IRUHVWSHVWVZLWKDPLQLPDO LPSDFWRQ WUDGH
KHOG $SULO   'RVWRSQR QD KWWSZZZDSVQHW
RUJRQOLQHSURFHHGLQJVH[RWLFSHVW3DSHUVZHEEHUKWP




)RU 'LVFUHWH *HQHULF %RXQGDULHV 7KH 2SKLRVWRPDWRLG
IXQJL H[SDQGLQJ IURQWLHUV WK  WK $XJXVW 
%ULVEDQH$XVWUDOLD
:,1*),(/' 0 -  6(,)(57 . $ E :KDW DUH
RSKLRVWRPDWRLG IXQJL" 7KH 2SKLRVWRPDWRLG IXQJL
H[SDQGLQJ IURQWLHUVWK WK$XJXVW %ULVEDQH
$XVWUDOLD
:,1*),(/'0-6(,)(57.$:(%%(5-)






GH¿QH &HUDWRF\VWLRSVLV DQG *URVPDQQLD GLVWLQFW IURP
2SKLRVWRPD6WXGLHVLQ0\FRORJ\±

